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TiON 



^^IBRATION cannot loosen the 
simple pinned connections of 
the Sturtevant steel fuselages. The 
structural sections are fastened 
directly to one another and there 
are no steel fittings to work loose 
on wooden ends. 



AEROPLANE COMPANY 


Jamaica Plain. Boston. Mass. 
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HALL-SCOTT 



Upon Sept. 16, 1916, 

Mr. Graham, detailed from the United *' States Army headquarters. 

Washington, D. C., to the H.\LL-SCOTT factory, conducted a five hour non-stop test with 
a HATvL-SCOTT 90-100 H. P. 4 cylinder aviation motor. The results obtained were as follows: 


.\verage revolutions per minute - -- -- -- -- - 1341 

“ brake H. P. developed - 100.5 

“ gasoline consumption per hour - -- -- -- - 8.95 

“ oil consumption per hour - -- -- -- -- i^ Gal. 


A MOTOR WITH SUCH STURDINESS. DEPENDABILITY, AND SIMPLICITY OF 
DESIGN AS THE HALL-SCOTT 90-100 4 CYLINDER, IS DESTINED TO TAKE A LEADING 
PART IN THE EQUIPMENT FOR ARMY AND NAVY SCHOOLING AND LIGHT SCOUTING 
AEROPLANES. 


HALL-SCOTT MOTOR CAR CO., Inc. 

General offices:— 818 Crocker Bldg., San Francisco, Calif. 
Eastern representative: F. P. Whitaker, 165 Broadway, N. Y. 
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I STANDARD 

AEROPLANES AND HYDROAEROPLANES 


CHAS. H. DAY, Designer 


TH£ STANDARD MODEL H 3 TRACTOR 

Army and Navy orders now being filled as the 
^ result of official inspection of factory and products 

STANDARD TRACTOR BIPLANES 
STANDARD HYDROAEROPLANES 

Single and Twin Motored Types offered 
on the basis of results and not expectations 

STANDARD AERO CORPORATION 

OF NEW YORK 


EXECUTIVE OFTICES 
Woolworth Building. New York 


FACTORY 
Plainfield, New Jersey 



Laminated 

Wood 

Fuselage 


Aeroplanes and Hydroaeroplanes 

ANNOUNCING OUR NEW FACTORY 

60.000 FEET ON ONE FLOOR 

60.000 FEET UNDER ONE ROOF 

LAND AND WATER TESTING AND FLYING AT 
DOOR OF FACTORY 

L-W-F Engineering Company 

FACTORY! Demonstrations new YORK city office. 

Collvge Point, Long I«l«nd by 5052 Grand Contral Torminol Building 

■Phone— Fluthins 3300 Appointment 'Phone— Murray mu 8074 
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VIATION 


November 1 , 


SPECIFIED BY 

AVIATION SECTION, 
Signal Corps, U. S. A. 


TWO SPERRY AIR COMPASSES 

SYNCHRONIZED WITH 

SPERRY GROUND DRIFT INDICATOR 


SPERRY-CLARK ANGLE OF 
INCIDENCE INDICATOR 


SPERRY LIQUID INCLINOMETER 


SPERRY AIR DRIFT INDICATOR 

FOR INDICATING CORRECT BANK 


IMPORTANT NOTE from Specifications; 

“STABILIZER.— Aeroplanes designufl for and provided with automatic 
controlling devices of approved type will be favorably considered. The use 
of a lateral stabilizer is especially encouraged. 

“NOTE. — The additional cost of a stabilizer installation shall be stated 
in the proposal.” 


FULL INFORMATION REGARDING THE 

SPERRY AUTOMATIC PILOT (Stabilizer) 

ON REQUEST 

THE SPERRY GYROSCOPE COMPANY 

Rue Boissy d’Anglals — 10 

Cite du Retiro. PARI.S 


Manhattan Bridge Plaza 
BROOKLYN, N. Y. 


15 \'lctoria Street 
LONDON. S. W. 


NOVEMBER 1, 1916 
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. s|>ci-itic«tioiis foi Army liydroaeroplancs 

I Hii|ilmii'K with Hoat iHiuliii^r ftrars is the 
A convi'l iiliraw ai-vorilmg to the iiomi-iiulaturc of 
. iteKatioiial Advinory Cammilt.'.- for Ac-romiutic-a) pub- 
. KriRd in tills issiii- im- umisunlly I'omgih'to. TIk- taru 
wift whifli owry di-tail of fiiwlaKv (tim now nonu-iic-la- 
taiv " iK'ily I ooiiHtnu'tion 1ms bis-ii out- 

]j lined is the best evicleiifi- that tin- Army knows exactly 
Tbit it wauls. It is a safe oasiiuiptioii that iH-fore these’ 

_ ipeeificatioiis were drawn up the infoniiatioii whieli is 
j drifting into the War Department everj- day from its 
tireign attaches has been c-arefully digesteil. In sliort 
I tbf speeification.s. it is almost eei-tain. give a complete 
, ^opsis of the most ai>proved foreign practice as ap- 
p piled to Aincrican eonditioiia. 

Ocsignei’s will have to study earafully all the requiiv- 
„ meuta before they can be sitn- of uiceting tlieiu. For 
fiiinple it will not be thi- simplest thing in the world to 
d design a biplane with say a 9-f«ot chord which admits 
, of either pilot or jiassengi-r hooking on a hoisting gear 
, eisily and (jiiiekly. 

Pilots, too, max' have aiiggi-stioiis to offer in the way 
. of improx'cmeiits. it is an open question, to mention 
, I sisgle minor detail, whether a gooxi many of them 
. would not prefer to have both motor throttles readily 
j iKessibk- to one Imiid instx'ad of on opposite sides of 
; lie twdy. Both motors coulil then l>e throttled practi- 
I ciUy at the sania- instant and hy removing only one hand 
from the eoiiti-ols, Tlirottles on opposite sides of tlu’ 
body however, aiv undoubtedly easier to install and 
to keep in ivpair. 

Ati.xtion Axn AKKO.NArTK’.u, ENClNRHRixa xxill Ill- 
glad to eiinsidcr fur ptiblieation any suggestions or 
eridcisiiis of these latest War Department speeiflea- 
tions. No Ilian or set of men is infallible and the War 
Department’s omeera no iloubi will xveleome any real 
help iu the fiinii of eonstruetive criticism from outaide 

At the same time eiviliaiis interested in uei-onauties 
wight to fpc-1 pleased that the War Department has 
developed its plans so promptly. At the time this is 
"ritteu, it is only sixty days after the signing of the 
bppngiriatioii bill setting aside .■iil3,281,666 for the 
Aviation Section of the Signal Corps and already $6,- 
000.000 worth of orders for Army airplanes are cither 
in sight or have already been placed. No plans have 
been put out xvithout mature consideration. The tenta- 
tive plans for tlie organiwitioii of the Signal Corps, 
D- S. A., xvhieh appeared in tlie last issue of Aviatiox 
*»n Aeboxai-tical Encixeerixc obviously required 


days of eali-fid thought b.x' experts in military oigaui- 
uuiuii. Tile speciticHtions for land primary and seeoud- 
iiry training machines and the new specifications for 
niilitary aiiTilaiies with two engines and float lauding 
gi-iirs have all been issued in a clear and precise form 
Kilniitting of no possible misunderstanding. All this 
has required eunstaiit painstaking labor. The im- 
Iii-uvemeiits foreshadoxved xvlien it was announced that 
Lieut. Col. Ocoi^e D. Squier had been appointed chief 
of the Axdation Section are beginning to be seen every- 

A t a time when the Army is bending its energies 
to buying aircraft it would be interesting to 
know what ]>rogri-3s America is making with anti- 
airi-raft guns. 

As everyone knows, it is a maxim of war substantially 
tnie, that every new xveapon of offense soon meets its 
equal. Today, wheu war is soaring aloft on wings, new 
types of anti-aircraft defenses are turning up almost 
Hs fust as new aeroplane moxlels are appearing. 

Ill the early days of the xx'ar airmen flew at low 
altitudes to make reconnaissance. Anti-aircraft guns 
xveix- scarce and ineffective and a flier could pass over 
hostile troops at no greah-r height than six or seven 
hundred feet with comparative safety. Even a rifle 
bullet with a muzzle velocity of 2,750 feet per second 
wonh! Iiave to be aimed twenty feet ahead of the pilot 
of an aeroplane, fl.ving sixty miles an hour at 600 feet 
altitude, in order to hit the mark. Hut it did not take 
long for the European eoininaiulers to find out that 
the combined fire of large bodies of infantry was effect- 
ive in bringing down aeroplanes. 

The fliera met this new dang<-r by ascending to higlier 
altitudes and i-qnipping their machines xvith powerful 
telephoto cameras. These cameras take small pictures, 
as a iTile. from xx-hich positives can be made and tlie 
results projected on a screen. This method i-eduoed 
reeoiinaissanee in treueh xx’arfare almost to an exact 

Then the “ archies ” put in their appearance. These 
anti-aircraft guns fire projectiles weighing from eight 
to forty pounds 20,000 feet almost vertically upwards. 
While rifle and machine gun fire is almost wholly in- 
effective above 6.000 feet the “archies,” usually 
mounted on armored motor cars for mobility, are effect- 
ive at much greater altitudes. The German guns are 
of 71 miu, caliber and fire about 20 shots a minute. The 
shell xveighs 11 pounds, and the vertical range is 19,000 

30e 
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Aerodynamical Properties of the Triplaiie 

Bv J. C. Hunsaker. Eng.D.. and T. H. Huff. S.B. 
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How France Trains Pilot Aviators 

By a Sergeant of the American EacadriUe at Verdun 
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tuToii and figure eights to the real flying msciiines; It is » 
question of becoming at ease in the better and fasler aero- 
planes, taking greater altitude*, making little tri|>s, perfeet- 
iog landings and mastering all the movements of eorreetioii 
that one is forced to make. Finally one is taught how to 
shut oB and start one's motor again in tlic air. and then lo 
go to a eertain heiglit. sinii otT tlie motor, make a lialf-tuin 
while drofiping and start the motor again, .\fter this, one 
climbs to about two thousand feet and, shuttiug off the mo- 
tor. spirals down to within five hundred feet of the grounil. 


AVIATION November 1. 1»1( 

rane and having innstereil the landing, the jiilot is jiut on > 
new, higher [lowereil model of tlie same make. He lies a good 
many hours of flying, but his trips are very short, for the 
wlioie idea is to inmiliarize one with the racthoii of landiae 
The BUrioi hs.- n laiuling gear that is elastic in action, and 
easy to bring to earth. The .Vieuport and ntiier mska 


Nomenclature for Aeronautics 

Prepared by the N’otionoi Advisory Commitfee /or Aeronautics 


of smalt, fast machines for which the jiilot is training bare 
a solid wheel base, and good landings are much more diffi. 
cult to make. The Moranc pilot lias the same practices climb- 
ing to small altitude* amiiiid eight thonsaud feet and jdekine 
Ids landing from that heiglit with motor off. When lie b* 
prolii'icm ill living the single niid ilmible plai-r tyj>m 


For the iniorinalion of tliosc inii'ieMed ii 
following miiucnclature ha* been iiicpareil a* a guide, r 
lies lo eliminaling the duplieation n ' 

ose of terms, and confusion of terms, ami witn a view- lo 
iMlsiog the principal terms which have eonie into use in tlie 
development of acruneulics, In the ]ii'e|iarnlinii • ' 


i ilefincd vvliicli e 


8 the ratio of the maalmum 
e chord as a fraction thereof, 
sp surface of an aerofoil, and 
0 tbe lH>ttoin surface: "Mean Camber" 



Aeronautical Nomenclature 


AcsoFLANIi: See alrpluiio. 

aiuBux: A luovaMc iioxlliary snrfiu-v used for the omilrul of 
nlllag unitloii — I. <■., rotation about the fore and aft axle. 

Ihcwait: -\ny foria of craft desigmal for the uuvlgatloii of 
the sir- alriilaio-s. lialloniiK. dlrigUiles. Iieliootiters. kites, 
kite-luillo-'iis. nrnithopters. gliders, etc. 

ires r.^XK r A form of aircraft heavier than air which has wing 
nrfaces lor aostcucatloii, vvicii stabilising nurfacea, rodders 
tox ste<‘riug, and iiovvcr plant for propulsion through the 
sii, Tlie landing gear may be suited for either laud or 
|irrii>cl- 


Tiik Stsvts in this Geruax Aim Ripua.ne .1 
UsTAPtneii. It MKiirr K.vsm.y be AIi.stakex 
A Bbitisii SrolT. 

Wlien that baa been practired snUicieiitlv. a registering alli- 
tuds meter is strapped to Ibe pilot's bark and he essays the 
official spiral, in whirli one iiiust spirnl all the way to' esrtli 
with the motor off, and come lo a stop within a few vanls 
of a fixetl point on the aviation grounds. .After this, liie 
student jiassea to tlie voyage machines, which are of almost 
t*ice^the power of the macliiiie nswl tor the short trips and 

Tears pon the uii.itarv bbevet 

'Tlierc are three voyage^ to iimke. Two isaiKisf in going to 
designated towns sn hour or so dislant and retiimicig. The 
third voyage is a triangle. A landing is made at one point 
and tlic other two point* are only necessary to cross. In 
addition, there are two altitudes of about 'seven llioiisnnd 
feet eacli that one lias to attain eitlier while on tlie voyages or 
afterwards. 

Tlie young jiilol has not. iti* lo this |.oint, bad aiiv ex|>eri- 
enee on trips, and lliere is always a sense of ndveiiliive in 
starting out over unkiiowii eoiintry willi only a roller nieji 
to guide one and the gauges and eonirols, ivliich need eon- 
slanl sltentioii. lo dtsiraci one from the reading of the elmti. 
Tlieu. tf>o, it is tbe first time llint the student lias flown free 
and at a great lieight over the earth, and his sense of exiilin- 
tion at navigating at will the boundless sky causes him n, 
imagine be i* a real i>iiot. True it is that when the voyages 
Slid altitudes are over, and his exainiiialioim in aeroiiniilieal 
Bcieiiw posseil. the student becomes olHeiaily a “ pilote-nvia- 
teiir." and lie ran wear two little gold woven wings <.n liiv 
collar to designote bis eaparity, and carry a winged pio| eller 
emblem on his ann. hut he is not ready for the difficult wuik 
or the front, and In-fore he has lime lo enjoy more than n 
few days’ rest he is sent to a school of " perfeetionmeni," 
There the real, serious and rhorougli training liegins. 

Schools where the pilot* are traiiierl on tlie tnodeni ms- 
cbine*. •' Keoles de I’erfeerunimeiit." a* lliey are called, arc 
usually an annex to the reiiteiw where the soldiers are laiiuln 
to fly. though tlwre are oue or two ramps that are devole.1 ex- 
clusively lo giving ailvauctsi instnietion to aviators wlio are 
0 fly Ilia “ Avioiis de Chasse," or figliting maciiine*. Wlieo 
;e schools he is a breveted jiilol. 
e freedom tlian he enjoyeil dnr- 


Pholo Sy Bain -Vcice Berefce. 

Freni-ii Mohane-Sai-lnier 1’.\h.\.*<il. It H.v* N'o Fixeb 
roSl'KSTB.ATION OK WkiouTS 
(•( OMPUSiiEb Pilots (Ixlt. 



-- llottoiii tjamber" 


I'.vKRViNG cAp.xcrtv: See Capucltj-. 

I 'inter; The point in which a sec of effects is assumed to be 
aci.'iimulaU'il produclug the same effect as if all were con- 
centrated at this jiolnt. 

O/ XtHoyanev . — center of gravity of the fluid displaced 
by the Qoatlug body. 

"! pressure a] on oero/oH. — The point on the chord of an 
idemeuc of an aerofoil, prolonged If necessary, through 
vvlilob at any Instant the line of action of the resultant 
n I r force jmsses. 

o/ pressure of a body , — The point of tbe axle of a bovly. 
prolonged if uecessmy-. through which at any Instant 
the line of action of the resultant air force passes. 


nerofoU section. — A right II 
' ':Uc aerofoil section a 
I.enyth . — The length i ‘ 


Is the length < 


iilher. where sliooliriu v 


taught. 

shcailing fsmiUarizes one with varioiu 
us<hI on seropinnes, and one leams 


.t.xEnoucn.R ; 


III an aircraft to coii- 

c Kurfuee of the earth. 

1 iiistnimrnt for imaisurliig the velocity of 


makes of uiaehine 
to »Ins>t at target* from the air. .After . , 
the jvilot is sent to nautiier sriionj of eoiiibnl. 


These Hchool* of emnlial are eniiueeled with tlie " Ecoltt 
iW l*erfcrtioniiieiit " with which the pilot lia* finished. In tbe 
eomhal school he learn* liattle laetira, liow to fight singly 
and in fleet foniinlioii. and liow to extract himself from a too 
dangerous position. Trips are ninde in sijiiadroii roriiialioo 
ami slmin battles are olTeeted with other ** eseadrilUs." 
smallest unit of an aerial lleel is called. For the HrsI time 
the pilot is allowei! to do foney Hying. He is Iniiglit how to 
hsip the loop, slide on his wings or mil. go into eorkscTews 
niul. more imjiortaiil. to gel ntil of them, anil he is encouraged 
to try new alimts. 

Finally the jdlol is coii.-iilered well eiioiigh liainisl In be 
s«nt to the resen-e, wlieie he iviiils liis call to the front. At 
the vcsei-ve he Hies to keep liis hand in. praetiee* on anj tea 
make of marliine that hapjien* to isone nut or that lie ii'iay b 

pal on in jilnec of the N’ieup-'— — ' — — 

ganliiig old and new makes < 


rofoll section projected on the chord, extended If 


flight, aud attitude of an ulrcraft. 

I'BiiicAi. ANBi£: See .Angle, Critlciil. 

I >f:CAi..vuE : -Au Increase In the angular setting of 
wing of a biplane 


cminil . — The angle of attack a 


vv-bich t 


> lift is a 11 


rhe lower wing. 

I lEV'LTAIFED AREA U 

lirojiellcr blade designed 


Q reference t) 






I the pilnl r 


11 all. 


receive* infortualioii 
aerogdanes. 

ives Ills can tu llie front, where be 
eslahlishcil vir newly furmerl " esrs- 
aew inaehiiie from the nean'sl senv 
I he then liegins his active service io 
vivps the coarse, i* the best sehoni of 


filtdiup, -The angle the flight giatli iiiakes vvltli tbe bori- 
zonijil when ttg'liig in still air under the Influence of 

AsRiT a-vTio; The ratio of spread to i-liord of an aerofoil. 

-Axes ok .vs viwcsait; Three hxvHl lines of referema*; usually 
ccutroldiil and mutually rcctaiiKUlar, 

Tile principal longitudinal axis In the plane of syniiuetry-. 
luuslly pamllel to tbe axis of ilu- propeller, is called Ibe 
fore and aft axis for longitudinal axis) ; tbe axle giergien- 
dlcalnr to this In the gilniie of sy-mmetry Is ended the v-er- 
tlcsl axis; and the third axis, gs'i-giendieiilnr to the other 
tw'o, Is called the athwnrlslilp axis lor transverse or lateral 
uls). In iiinilieuiatlcnl discussions the first of these axes 
H called the X axis, the second the '/. axis, iiiid the third 
Che Y axis. 

BALtoxET: small luillixiu within the imerlor of n balloon or 

ibrlglble for the piinMise of controlling the ascent or desrent. 
and for maintaining giressure on the outer envelope to pre- 
vent deforiiiatlou. The batlonel is kept luflatwl with air at 
the required pressure, under the lonr- * - . • 


. layout of the area of a 

_ . represent tbe total area of the 

driving face. In which the elements of area are developed as 
if unfolded onto the plane of the drawing Inecessarlly an a]* 
pro.xluiatloii on definite nssumptlous. ns no true develop- 
ment of the helix enu be made). 
liiBiGiiiLE: .A fnrin of balloou, the outer euvelope of which Is 
of elonpit**! fonii, provided with a iirupelllug system, car. 
rudders, auil stnblllslug surfaces. 

XouHgld, — A dirigible vvhose form is maintained by the 
pressure of tbv‘ contained gas assisted by i^e car-sus- 
pension system. 

ffiffiif. — .A dirigible whose form Is maintained by a rigid 
structure contained within the envelope. 

fXemMyid . — A dirigible whose form is malntalued by 
. .. girder construr- 




blower 

BAU.0OB: A form of aircraft eouiiirlsliig n gn* bag and a tar. 




avialor enters i 
he is allowed a liitle i 

time he was learning I . 
ow lakes ugi the Morane monoplane. It is inlerestiiia 
that the German Fokker U i>iactieally a copy of llii- 
'' a low-|.nweml .Alo- 


lle 


mocbliic. After flyiii 


German Diriffible Hail Aluininuiii Gondola 
The gondola of tlie diriphle t'oiiiul on the easl eonst of 
Knglanil after the raid of Segileinher 2 was hroiiglil In the 
.Admiralty and was i-xamined hy exjierl.s. Attaehcsl lo tbe 
gondola were several Ihoiisaud feel of alnrainum wire. Tbe 
gondola, which was about seven feel in length and five feel 
high, was nmile entirely of alumiiiniii. There wore severil 
window* made of mica, and the ear was fitted with a riock 
altitude gauge, cleetrie torch, and lelegihone. On llie floor «f 
the ear was fmind n straw mattress. 

Persons in Knglsnd vvlio find relie* of raiders arc under 
orders to turn them over to the aiilliorities so Hint any knowl- 
edge that may be of mililary inijioi-tonee may lie gleaned from 
the wreckage. Those who bring in their prized .souvenir* are 
" ' [lieeca that do iioi prove valuable lo Hi* 


whose siisteiitatloD deiieiids on the buoyancy of the v-oiitained I>. 

Ses, which is lighter lluin air. 

Capt(rf.--.A balloon restrained from tier flight by uieiins 
of a eiilile attncbliig It to the earth. KiEVvtoR; A 1 

A'lte. — .All elougnted form of eniillve balhsui. liitiHl with nttltmle of a 

tall iipgieoihiRcs to kec|i It headed Into the vvliiil. and ship axis, 

dcrivlug liKTeiisetl lift tlui- to Its rxIs Is-Iiie Uu-llued to K.xoi.vE, 


s Attachment i 
tion containing the car. 
lUSK AREA OF A PROrKI.l.EK: Th< 

by the [iroiicllcr tips. 

Divixc BVnoka: See Klevntor. 

I>ope; a gi'oera] term ojiplled tc 
the cloth surface of air-plane 
lirinluct' tautness. and act as a filler 
ness : iisuaM.v of the cellulose type. 

Drag : The total resistance lo inotlon through the air of an a 
CTUft- — 1. e.. ebe sum of the drift aud head resistance. 

* rc-sultaui wind pressure on a 


e disk sweikt 


0 maintain air-tlgbt- 


r stream nttack- 




the V- ...... 

Ba.vk: To im-liiie an airplane Internlly— i. e., to rotate It alsnit 
the tore and aft axis, Itighi bsnk I* to incline the airplane 
with the right wing down, 

Baxkiso rluocb ; See .AUerou, 

Basocbapu; .All inslrumeiit used to risxiril vmlatloii* In baro- 
metric iu-cs*im>. In acroimutli-s the charts on wblcli the 
reconl* are made are i>i-epnreil to Indicate altitudes dlrccily 
imiteail ,,r haroiuetrk* prvvssiire. 

Biflabe: .a form of Blridaiie In which tbe iimlii *uiii>ortiug 
surtRce I* dlvidixl Into two parts, one above the other. 

™WT ok as aibpiask: A siructiire, usually inclosed, which 
eaniaiiis in u stream-line housing the power gilunt. fuel, pas- 


ur 08 lEFT hand: The distiiietion between a rlght- 
.■"Mu ouu a left-band engine dei>cuds on the rotation of the 
output shaft, whether this shaft rotates In tbe saiae dlrec- 
iloii as tbe crank or not. A right-band engine Is one in 
vvhli'li, when vlewevl from the uutiiut shaft end. the sbaft 
I* seen to rotuie antlclot-Uvvise. 

KXTERiNu EDoii: Tile foremost part of au aerofoil. 

Fins; Itniall planes on aircraft to promote stability: i ex- 
ample, vertical tall flus. biirlzoutal tall fins, skid fins. etc. 

„ .c. pgfji jfig ceiilop of gravity of an alr- 


the ceiiiop 

craft with reference 

Fi.oat : That portion of the lauding gvnii 
imivldes lainyuney when It Is resting 


of a 





0 S'lf; 


21S 


AVIATION 




AVIATION 


219 


ablest u» to deierniioe llw part wliieh ihetse forces play in pro- 
dueiafi lift sod drag. In Fig. 2, the results of a pi-ei<siire 
force integralioD are shown from experiments on a R. A. F. 
6 wing, and compared with the usual force detertninatioiis. 

The result for the lift values coisridcs. Xow. it is fairlv 
clear that akin friction forces would not impart lift to a wing. 
We can conclude that lift is solely due to the density or turbu- 
lence forces, and, fariher, that lift can be obtaiiicil from the 
integration of tbe components of the pressure fnrees per- 
pendicular to the relative wind. 

The drag cur^'eB coincide at high angles, while between 0 
degree and S degrees tbe drag derived from the |>ressure in- 
tegration ia less llism that obtained from force experiments. 
Tbe diflference is due to Hie fact tliat the i>reasurc results give 
DO indication of skin friction forces. 



Fig. 4. IlisntiBt'Tios or PanssuRB roR Mkdiak <'8oks-Sh;- 
Tioh'.s tt>a Varioi's StRrACBB at d Dcgkkes Angle •- 


Effect of Variation of Speed and Scale on Lift and Drag 
Coefficients 

These eunsideratioos enable ns to deal more closely with 
the question of variation in coefficients with change of s]>eed 
and scale, tbe iirodnct (H'). 

Experiments at the X. P. L. show that lift coefllcienis are 
scarcely affected by auch change. If, as baa been sbown, lift 
is due'to I’ressiire forces solely, there is no reason wJiy the 
lift should be affected. 

That portion of the drag due to density resistance and ac- 
counted for by the pressure integration would vary aa A V. 
But tbe skin friction, not accounted for by the iirvssure ex- 
periments. varies as W“V’'“. Therefore, with increase in 
speed and srale. the drag would not vary as AV', but some- 
wliai less rapidly, and A*, would not be a constant. 

It might be jiossible for any model wing to And the density 
com|>onent of tbe drag by allowing for skin friction, step this 
up to full sire as AT* aud tlien to compute the skin friction 
from tlie 61'* gur we are not too sure of this 

formula, and the process would be very complicated. 

feomc exjieriiDcnU at tbe X. P. L. provide, perbajm. the 
beet guide, although they have been carried over too narrow- 
a range. In big. d are given values L/D for tbe H, A. F. C 
section, plotted st the same angle of incidence against tog 
(ir). the logarithm being used purely for convenience in 
plotting- If the designer wisliea to correct to the full-sized 
machine, be must take the value IV which is given in connec- 
tion with the section be employs and compare values of Xt/D 
at any angle of incidence with that corresponding to log 
ir — 27S(il' “ 560), a good value for a full-sized machine. 
Tbe S. P. L. also gives corrections for lift, which are to be 


regarded with doubt, and corrections for 
But it would seem safer to eraidov onlv 




s 4 ' ' 

of Aorofatt 





Pl^n of 

Flu. SfciTiON Emi'Uiykip at the X. P, L, IS OasERriM 
I’SKHaiRE DiKTinm-Tios os ax Entire Wino. 

Distribution of Frcmuire at Median Cross Section of 
Various Surfaces 

With Ihe ribs, alringcrs, tillers anil cn»d fabrii-s employed 
in modern wing construction, the stresses |>roduce<l in tbe 
fabric are well williin the limits of safety, as we shall cee 
later. But it is itn)iortant to remember that it is not t^ 
mean i<rcsaure over n wing which gives (he ma.xilimm stres 
in the fnhric; it is the maximum gtressiire at one pai-timlar 
point. Also a small hole at one point of (he fabric tsav 
i-niise it to carry the added effect of Ihe suction at the uppo 
surface and the jmsitivc jircssiirc at the lower surface. 

Eiffel in his cnrlier experiinenls (‘ousistently investigated 
the pressure distribution over both surfaces, and a number of 
bis disdains are shown in Fig. 4. while the ninxiiiiiitii effect 
of suction on upper surface and go'essure on lower face ia 
shown in (able in Fig. 4, at the same angle of incidence of 
ti . degrees in each ease. The sgieod of (he test was It2 feet 
l>er second. 



FiC- 0. 


it is most iniportiiiil lu tuitiec linw this ninxiuimii effect 
varies: it is comgiarativclv ctiormoiis in the binl's wiiiB. with 
tbe thick leading edge, wliieh is not uiiBatiefaetory from an 
efficiency jioiiit of \-iew. but which would require n gveslly 
strengthened fabric, gtariicuinriy ns the maximum guesaure 
occurs so very near the front edge. In the fresceiii shape 
the pressure is very uniformly distributed. Althoiipli these 
surfaces are not in common use. (hey serve us a qualitative 
criterion from this siandi>oiut for more giractical wings. 


An incidence of (1 degrees i 
ud at a sgieed of (10 iiules 
age may vary from 13.4 
fodt This is. however, by - - 


be taken ss luirmal (light. 

S.82 giotiiids gier square 
. stis the worst loading that 

...... .. — fabric. T'nder abnoiTnnl cnndilions such 

ittcning out after a stccgi dive, the maximum load per 
re foot may be many times greater. This question will 
lusidcred in detail in dealing with factnrs of safely. 


Diftribulioii of Pressure Over the Entire Surface of a 
Wing: Liiteral Flow. Its Bearing on .Aspect Ratio 
The most itislruciive c.vgierinicnt- nn the | vessure distribu- 
tion over the eiilire surt'nce of an neruplune ni'C those due to 
JoDtf and Pntlei'sou. at the X. P. 1.. niid to Eiffel. 

.\I llw X. I*. L. a single wing scwtioii hits been ih-nit with 



in ibis way. but there has been n vlusc and ii'-eful niinl.t'.sis. 

Intend (tow. au<l of (he luiderlying causes of the effects of 
tniyiug aeitecl rolio. 

A section resembling the R. A. F. 6. but with somewhat 
peater eamher, was cmgitoyed. Rectangular in gtlon. it had 
i series of obsorv-alion gioiuts ns shown in Fig. 5. on five se«'- 
tiwu gtsrallel to the inediaii section. The actual iiictliinls were 
E itniiflF to those nlresdy described in i-onaidertug giressiice dis- 
iribatioD over o inodiaii section, and the same remark apgdiee 
la the resolution of coniponcnii) noniial and pcrgicndicular to 
tbe chord and their subsetgiient stimulation. The centers uf 
prtsBiire for eaeJi section were obtained by taking moments 
by a process of elementarv* mechanics, a similar gwocess is 
fallv described in the Bulletin dc ITnBIiliil Aerulechniqiic. 
Xormt] forces were again taken as a measure of the lift, 
tod forces giarellel to the chord as a measuve of the drag, 
akin friction being neglected- The resolution of forces along 
aod pergicndieular to the chord, instead of along and gier- 
prodiculiir to the relative wind, involved the error already 
loailioned. unimportant, however, excegtl at large angles. 

lo Pig. () are shown the curves of nonnal aud gtarallel 
forces at the five sections for various angles of incidence. In 
Pig. 7. tbe contributory effects of each section of the wing 
■ dearly iUusIrated by curves giving lift, i/£> aod center of 
pressure fur each section. The following observations can be 
•cadr from this data; 

|a| Aa iiicli section, begiiiniiig with the median. U consid- 
ered, the diMrihniioii on Ihe ugigier surface from high 
auction forward imd low suction aft alters g>rogresaively 
until when the lig» is reached Ihe higlie-1 -uciion nenirs 
in the neighborhood of the trailing eiigc. 
lb) On the lower surface, the giooifivc giressuics found over 
the central giortion of tlie wing fall off. and eventually 
change sign, so lhal near the tip almost the whole aiic- 
tion is under suction. 

(«) At the same time, the areas of the ciirvea uf normal 
forces .1 ogig.er and lower surface dei*rcasc at first to 
about of their original value, but .-iibseiguemly in- 
creaae as the lip is reached. 

(u| Again os we move from the median .section omward, 
Ite areas of diagrams giroporlioiial H> |•al•allel forces 
ebange from negative values (which opg*ose drag) lo 
appreciable (•ositive values, so that ilrag of the sections 
mereases very rajiidly in the neighborhood of the wing 
bps- Thus maximum J./U at .1 is 24, at E it is only 5. 


(<•1 It is tlie variations in giTessuve distribution as we move 
out laterally which cause Ihe center of giresstire of tbe 
whole wing to move back. 

This seems to demonstrate clearly tliat at the sides of the 
wing section there is a eansiderabie amount of lateral 9ow, 
which tirevents the establishment of a retrime os effieient as 
at tbe center, where the air does not escape but follows the 
contour of the wing, 

It is now also clear why increased aspect ratio is advatt- 
lageous: Aa asgteet ratio is increased, the inefficient action 

of the exterior sections a-ssumes less importance. Without 
further research it is. however, imjiossible to say whether 
increoae in aspect ratio leaves the aerodynamical conditions 
at tbe median sections unaltered, or wtiettier it Improves con- 
ditions everywhere on the wmg except on the lateral tip. 

These experiments may not be of immediate application in 
design, but may serve to give a better concefition of what 
may be exgieeted when a wing is varied in plan form. Be- 
-ides the effects of varying ratio, these considerations would 
tend to cxgiiain tbe effects of raking. 


DistribiitioD of Pressure Over Entire Surface of Wing 
ami Curves of Equi-Pressure 
Ftiffel cmgiloys nn instructive method of curves of equi- 
presaiire over tlie entire surface of the wing. He has ob- 
tained such curves for flat gilntes and for cambered surfaces, 
hut hss unfortunately not carried liis analysis v-eiy- far. and 
gives US nothing beyond a graphical idea of the actual dia- 
tribution of pressures. In F'ig, 8 we find curves of equi- 
giressure and pressure* at variou-s sections for the Xieuport 
wing, wbich are somewtiat more suggestive. 



Fig. 8. Distbiultiox of I’besbi-be os Xieutobt Wisg. 

Ill the Xieuport wing, the sections, while preserving their 
general character, thin down as we move from the median 
section outward. This has the effect of maintaining nearlv 
the same character of pressure distribution on all aections. 
The miter sections have smaller values, it is true, but the 
inaxiumm suction on them is still not far from the leading 
edge. This from lonsiderationa of gireeeding paragraplis 
tends to minimize the aerodynamic inefficiency on tbe outer 
section. A wing such a* the X'ieuport wing might, therefore, 
be very valuable, but further cx|ierimetits would be nee^sary 
Is-fore this g>oinl could be deffnitely settled. 
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